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Debugging on GPUs

e Hundreds or thousands of threads

— Difficult to maintain who is doing what or where an error
occurs with which thread

— Using print statements becomes out of the question
— Use debugging tools!

* Tools that covered today:
— CUDA-GDB
— CUDA-MEMCHECK
— TotalView
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CUDA-GDB

* Extension of GNU GDB for debugging CUDA codes
— Debugging both GPU and CPU code within the same app
— Command-line mode
— For non-MPI (OK, see the manual for a trick for running a small MPI app)
— Add ‘cuda’ for commands for CUDA, as in ‘cuda thread 170’

e User’s manual:
— CUDA-GDB CUDA Debugger: SCUDA_ROOT/doc/pdf/cuda-gdb.pdf

e Useful notes
— Set Breakpoints
* Watchpoints on CUDA code not supported
— Control code execution (‘run’, ‘continue’)
— Print code status or variable values
— Can run CUDA-MEMCHECK’s memcheck tool under CUDA-GDB
— Autostep

* Specify a range of source code lines for single stepping on GPU (slow)
* Quickly identify the warp responsible for causing an error

— To enable a GPU coredump when GPU exception happens
* $export CUDA_ENABLE COREDUMP ON EXCEPTION=1
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CUDA-GDB (cont’d)

* Compile: inside an interactive batch session

S module load cuda
S nveec -g -G -o foo foo.cu

S module load pgi
S pgfortran -g -Mcuda=nordc -o foo foo.cuf

e Run: inside an interactive batch session

S module load cuda
$ srun --pty cuda-gdb ./a.out # --pty to run commands interactively
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Kernel focus

 We are dealing with hundreds/thousands of threads on GPUs, but
one thread in focus

* To examine the program execution associated with a particular
thread, need to change focus to that thread

* (Can do that using one of the 2 coordinates
— Hardware coordinates
* Device, SM (Streaming Multiprocessor), warp, and lane
— Software coordinates

— Kernel, grid, block, and thread
* If one is changed, the other is changed automatically

e Example

(cuda-gdb) cuda device sm warp lane # display HW coords
device 0, sm 0, warp 0, lane O

(cuda-gdb) cuda kernel block thread # display SW coords
kernel 1, block (0,0,0), thread (0,0,0)

(cuda-gdb) cuda device 0 sm 1 warp 2 lane 3 # switch focus

[Switching focus to CUDA kernel 1, grid 2, block (8,0,0), thread (67,0,0), device 0, sm 1,
warp 2, lane 3]
374 int totalThreads = gridDim.x * blockDim.x
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Debugging examples

* From Chapter 11.1 ‘Example: bitreverse’ in the
manual

S module load cuda
S nvece -g -G -o bitreverse bitreverse.cu
$ srun --pty cuda-gdb ./bitreverse

(cuda-gdb) break main # create a breakpoint at main

(cuda-gdb) break bitreverse # create a breakpoint at bitreverse (kernel)
(cuda-gdb) break 21 # create a breakpoint at line 21

(cuda-gdb) run

Breakpoint 1, main () at bitreverse.cu:25
25 void *d = NULL; int i;

(cuda-gdb) continue

Thread 1 "bitreverse" hit Breakpoint 2, bitreverse<<<(1l,1,1), (256,1,1)>>> (

data=0x2aaaelal00000) at bitreverse.cu:12
12 arrayl[threadIdx.x] = idatal[threadIdx.x];
(cuda-gdb) info cuda threads
BlockIdx ThreadIdx To BlockIdx ThreadIdx Count Virtual PC Filename Line
Kernel O
* (0,0,0) (0,0,0) (0,0,0) (255,0,0) 256 0x0000000000dae7al0 bitreverse.cu 12
(cuda-gdb) backtrace
#0 Dbitreverse<<<(1l,1,1), (256,1,1)>>> (data=0x2aaaelal00000) at bitreverse.cu:12
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Debugging examples (cont’d)

(cuda-gdb) info cuda kernels
Kernel Parent Dev Grid Status SMs Mask GridDim BlockDim Invocation
* 0 - 0 1 Active 0x00000001 (1,1,1) (256,1,1) bitreverse(data=0x2aaaela00000)
(cuda-gdb) print blockIdx
$1 = {x =0, y =0, z = 0}
(cuda-gdb) print gridDim
$2 = {x=1, vy =1, z = 1}

(cuda-gdb) next # do this 4 times
14 array[threadIdx.x] = ((0xf0f0f0f0 & arrayl[threadIdx.x]) >> 4) |

(cuda-gdb) print arrayl[0]@l2 # check 12 elements

S3 = {O, 128, 64, 192, 32, 160, 96, 224, 16, 144, 80, 208}

(cuda-gdb) print &data # parameter of the kernel

S4 = (@generic void * @parameter *) 0x160

(cuda-gdb) print * (@generic void * @parameter *) 0x160

S5 = (@generic void * @parameter) 0x2aaaelal0000

(cuda-gdb) cuda thread 170 # switch focus to thread 170

[Switching focus to CUDA kernel 0, grid 1, block (0,0,0), thread (170,0,0), device 0, sm O,
warp 5, lane 10]

12 arrayl[threadldx.x] = idatalthreadIdx.x];
(cuda-gdb) ...DO SOMETHING...

(cuda-gdb) quit
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Debugging examples (cont’d)

* The ‘autostep’ example (11.2 Example: autostep)
code doesn’t work as described in the manual

* But it clearly demonstrates usefulness of the
functionality in GPU debugging
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CUDA-MEMCHECK

* A suite of tools
— Memcheck: detects memory errors, etc.
— Racecheck: detects race conditions
— Initcheck: detects use of uninitialized variables
— Synccheck: detects sync errors

* User’s manual
— CUDA-MEMCHECK
 SCUDA_ROOT/doc/pdf/CUDA_Memcheck.pdf
e Compile
— -G: To generate debug info for CUDA app
— -lineinfo: Generate line number information
— -rdynamic: The host compiler retains function symbols
— -Xcompiler: To specify flags to the host compiler

S module load cuda
S nvece -g -G foo.cu -o foo
$ nvcc -Xcompiler -rdynamic -lineinfo -o foo foo.cu
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memcheck

* Detect

— Memory dCcess error

* malloc/free error, double free, invalid pointer to free, heap corruption
— Hardware exception
— Leak detection

* Detect memory leaks (allocated but never deallocated)

— Device side allocation checking
* malloc inside a kernel
* Can be disabled by ‘--check-device-heap no’

— CUDA API error checks

* Torun
S module load cuda
$ srun cuda-memcheck [memcheck options] ./a.out
— For detecting memory leaks: add ‘--leak-check=£full’
* Can be run under CUDA-GDB
(cuda-gdb) set cuda memcheck on
— In this case, kernel launches become synchronous (that is, blocking)

* See 10.1 ‘Example Use of Memcheck’ & 10.2 ‘Integrated
CUDA-MEMCHECK Example’ in the manual
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racecheck

* Detects race conditions
— Currently for shared memory only

* Torun
S srun cuda-memcheck --tool racecheck [options] ./a.out

* Types of reporting

— Hazard reports
* Detailed info on one particular hazard
* --racecheck-report hazard
— Analysis reports
* Overall analysis over multiple hazard reports
* --racecheck-report analysis (default)

— Al

* --racecheck-report all

* See 10.3 ‘Example Use of Racecheck’ in the manual
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iInitcheck

e Detects use of uninitialized variables

— For variables in global memory memory only

e To run

$ srun cuda-memcheck --tool initcheck [options] ./a.out

* See 10.4 ‘Example Use of Initcheck’ in the manual
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synccheck

* Detects synchronization error conditions
— Divergent thread(s) in block
— Divergent thread(s) in warp

— Invalid arguments: incorrect mask parameter for a sync
statement

e To run

S srun cuda-memcheck --tool synccheck [options] ./a.out

e See 10.5 ‘Example Use of Synccheck’ in the manual
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TotalView

* Graphical parallel debugger

* Supports
— OpenMP for GPU: Cray, GCC, Clang, IBM (more?)
— OpenACC for GPU: Cray (and others?)
— CUDA
— MPI

* Torun
S module load totalview
S totalview ./a.out
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TotalView windows

Process window

GPU focus thread ID
(negative) and its
coords

For nawgatlon &l g
File Edit View Group Process Thread Action Point Debug Tools Window
i 2 & i 3 3 e ]
G (Controly 7 ' . i’ 593 W\> 9 § % f%
GPU focus thread peSEae wﬂ
selector (Logical or P | Lozical [Block: .00 2.l0 AThread: [0 2.[o 4, *,
Ph Sical) Rank 0: tcm,out,0 (At Breakpoint 1}
y Thread -1 (<<£{0,0,0},.{0,0,0}>>>): RTEMPECUDAR,tcm.out (At Breakpoint 1} ‘—
Stack Trace g Stack Frame
MatMulKernel, FP=fffdcO |i ||Function "MatMulKernel<<<{1,1,1), (2,2,1)>>>": ﬁ
Device:
SM/WP /LN : 0/0/0 of 80/64/32
Grid: 1
H A: (Matrix @local)
ROOt WI ndOW Ca” bathrace B: (Matrix @local)
C: (Matrix @local)
X/ TotalView for HPC 2020.0.25 Block "sbl":
File Edit View Tools Csub: (Matrix @local)
blockRow: <Bad address: (Optimized Out)>
Procsss State |Procs | Threads |Members blockCol: <Bad address: (lthnnued Dut))
Eﬁla-eakpomt PremTavm 0= ~Advanna. s mad ~ Jf_
1 n v Function MatMulKernel in tx_cuda_matmul,cu ol |
: 1 1 0.3 81 // Free device memory A
by i 1 o 20’3 82 cudaFree(d_a. elements);
R 1 1 0.2 83 cudaFree (d_B. elements) ;
-cuNDPALCtCreate 1 1 0.1 84  cudaFree(d_C.elements);
B 1 1 0,1 85 3
B o , To see the value of a
87 // Matrix multiplication kernel called by MatrixMul()
gg _ global__ woid MatMulKernel (Matrix A, Matrix B, Matrix C) Va riable ri ht CliCk On a
{ -
a0 // Block row and column ’ g
int blockRow = blockIdx.y; . “_J° ” .
Shows state of MPI |5 i rioaeet < hreciren v,
93 // Each thread block computes one sub-matrix Csub of C Varlable to dlve On It Or
[94 Matrix Csub = GetSubMatrix(C, blockRow, blockCol); . .
taSkS and th reads 95 // Each thread computes one element of Csub Just hover mouse over It
96 // by accumulating results into Cvalue
97 float Cvalue = 0;
98 // Thread row and column within Csub
99 int row = threadIdx.y;
100  int col = threadIdx. x;
101 // Looo over all the sub-matrices of A and B that are £
- e —
Action Points] Thteads] C = [ e s
A CPU thread 11  (0x2aaasab2b60 / 41251) T in cuVDPAUCtxCreate
assigned a positive 1.2 {0x2aaab3ab6700 / 41266) T in acceptd
1.3 (0x2aaab3ce7700 / 41267) T in _ poll i
[ ((0,0,0)(0,0,0)) "1 in FatMulRernel For selecting MPI ta
thread assigned a Breakpoints, threads, etc.

negative ID
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TotalView (cont’d)

* Unified source pane and breakpoint display

— Click on the number in the source pane to set a breakpoint
there

— A breakpoint set in CUDA code slides to the next host line
in the source file

— Once CUDA code is loaded, TotalView plants a breakpoint
at the proper location in the CUDA code

* Debugger thread ID
— A host (CPU) thread is assigned a positive ID

— A CUDA thread is assigned a negative ID
Action Points | Threads | £ B+ x| 1= 1o

1.1 (0x2aaaazah2h600 / 18416) T in cuVDPBUCthr ate -
1.2 (0x2aaah3ab6700 7 18422) T in acceptd
1:3 {0x232ab3c6TT700 / 18423) T in _p oll
1.-1 ((0,0,0)(0,0,0)) "1 in MatMulKernel
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TotalView (cont’d)

* Asingle-step operation in CUDA code steps the entire
warp associated with the GPU focus thread

* Can use either logical coords (“SW coords”) and physical

Logical |Block: [0 |3 .]0 [5.[0 [fThread: [0 [.[0 |7.]0 |3

Rank 0: tcm,out,0 (At Breakpoint 1)
| Thread -1 (<<<£{0,.0.03,¢0,0,0}>>>): BTEMPRCUDAR,tcm,out {At Breakpoint 1) FiHf

o 1

T 1 =

L= = L o e oo T TToAT oo OWs  Tor T

Physical lDevice: 0 f SM:]O i Warps: | O f Lane:?O i

Rank 0: tcm,out,0 (At Breakpoint 1)
HH Thread -1 (<<<£{0.0.03,.¢0,0,0}>>>): RTEMPRCUDAR,tcm,out (At Breakpoint 1) FHf

UR= I A = = p = e L e e o

* “Dive” on a variable to display its value
* Plot array elements

e Get stats for array elements
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